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(57) Abstract 

PROBLEM TO BE SOLVED: To obtain a polyester resin 
suffering little bleeding of a plasticizer, having 
flexibility and suitable as, e.g. a packaging material 
by melting and reacting an aromatic polyester and an 
aliphatic polyester of a specified number- average 
molecular weight 



SOLUTION: An arom atic polyes terjs prooHiced Jby using an 

acid componenT^ucR as terephtiiaUcT isophthalic of CO PYRlGHT: (C)1997,JP0 
2,6-naphthalenedicarboxyIic acid, and a glycol 
component, such as ethylene glycol or propylene glycol. 



Separately, an^ripj^c^pqjys^ 

TnolealiaT^ght of 10,000 to 100,000 is produced by, 
for example, the polycondensation of a pofybasic acid, 
such as succinic or adipie acid, and a glycol component, 
or the ring-opening polymerization of a cyclic acid 
anhydride composed mainly of succinic anhydride and a 
cyclic ether composed mainly of ethylene oxide. The 
aroraatic-poryester^anAJ^^ 

melted aad rearte^Jo produce a flexibirEed^ polyester, 
"resin. This resin is free" from the deterioration of 
physical properties due to the randomization reaction 
caused by heating when molded. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the manufacture method ot 
polyester resin which turned flexibly. The polyester resin which turned flexibly is useful as a high 
elasticity material of the transparency replaced with a soft polyvinylchloride resin. 

[0002] , • , • , i r 

[Description of the Prior Art] Although the polyethylene terephthalate (PET) which is the example ot 
representation of an aromatic polyester was used in broad fields, such as fiber, a molding material, 
wrapping, and magnetic-recording material, from a good mechanical strength, thermal property, and 
humidity property, transparency, and the property that was excellent in other [ many of], since 
flexibility was scarce, it was not used for the film for wrapping, but the elasticity vinyl chloride etc. was 
mainly used as a high elasticity material of transparency. 

[Problem(s) to be Solved by the Invention] However, in the elasticity vinyl chloride, the bleed out of a 
plasticizer with time happened and it had troubles, such as doing damage to a human body. Furthermore, 
in incineration processing, flexible-ized polyester resin was expected as a high elasticity material of the 
transparency which has the environmental problem and changes to an elasticity vinyl chloride. 
[0004] Although the block KOPORI ester which consists of an aliphatic polyester component and an 
aromatic-polyester component as a means to solve these had been proposed, the physical-properties fall 
by the randomization reaction which occurs by heating at the time of the number average molecular 
weight of aliphatic polyester being molding for a low reason was remarkable. 

[0005] then, the purpose of this invention is that make the fault of such conventional technology cancel 
and the bleed out of a plasticizer offers the manufacture method of polyester resin which has flexibility 
few and is replaced with a transparent elasticity vinyl chloride and which turned flexibly 

[0006] c . . ' , t , 

[Means for Solving the Problem] By carrying out the melting reaction of an aromatic polyester and the 
specific aliphatic polyester, this invention persons found out that the above-mentioned purpose could be 
attained, and reached this invention. That is, this invention is the manufacture method of polyester resin 
which is characterized by carrying out the melting reaction of an aromatic polyester and the aliphatic 
polyester of number average molecular weight 10000-1 million and which turned flexibly. 

[0007] . , . . t , 

[Embodiments of the Invention] The aromatic polyester used for this invention can be obtained by the 
well-known method mainly using a terephthalic acid and a two or more-carbon number glycol. As 
polybasic acid other than a terephthalic acid, an isophthalic acid, 2, 6-naphthalene dicarboxyhc acid 1, 
4-naphthalene dicarboxylic acid, a diphenyl carboxylic acid, difenoxicarboxylic acid, a diphenylsulfone 
dicarboxylic acid, a diphenyl-ether dicarboxylic acid, etc. are mentioned, for example, and small rate 
copolymerization of these may be carried out. As a two or more-carbon number glycol, ethylene glycol, 
a propylene glycol, 1, 3-propanediol, 1, 4-butanediol, neopentyl glycol, 1,5-pentanediol, 1, 6-hexandiol, 
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a deca methylene glycol, etc. are mentioned, for example. When the melting point of the aromatic 
polyester obtained and economical efficiency are taken into consideration among these, the combination 
of a terephthalic acid, ethylene glycol and a terephthalic acid, and 1 and 4-butanediol is desirable. 
[0008] the above-mentioned **** aromatic polyester further - you may be polyester which carried 
out little copolymerization more than of a kind of the multifunctional compound of three or more 
organic functions like 2 pyromellitic dianhydride and benzophenone tetrapod carboxylic-acid 2 
anhydride, a trimethylol propane, and a pentaerythritol as occasion demands 
[0009] although the molecular weight of the aliphatic polyester used for this invention is a number 
average and it is the range of 10000-100000 - desirable - 25000-80000 -- it is 40000-70000 still more 
preferably In order to prevent the physical-properties fall by the randomization reaction of aliphatic 
polyester and an aromatic polyester, the number average molecular weight of aliphatic polyester is or 
more at least 10000 need. If it becomes lower than this, the physical-properties fall by randomization 
will become remarkable. Although it is also possible to make it react with a chain extension agent, and 
to carry out macromolecule quantification, a process becomes a multi-stage story, or the used chain 
extension agent causes a fish eye of a film, and it is industrially disadvantageous. When thermal 
degradation, thermal intensity, etc. are taken into consideration, as for the number average molecular 
weight of aliphatic polyester, 25000 or more are desirable, and 40000 or more are still more desirable. 
Moreover, for making number average molecular weight or more into 100000, it requires for a long time 
at a reaction, and is industrially disadvantageous. Since the volatile matter generated by decomposition 
etc. at reacting for a long time increases, it is 100000 or less, as for number average molecular weight, 
80000 or less are desirable, and 70000 or less are still more desirable. 

[0010] In order to obtain the aliphatic polyester used for this invention, the method of carrying out ring 
opening polymerization of the cyclic ether to the method (ii) cyclic anhydride which carries out the 
polycondensation of (i) polybasic acid (or the ester) and the glycol etc. is mentioned. 
[001 1] As polybasic acid used by the method of (i), a succinic acid, an adipic acid, a suberic acid, a 
sebacic acid, an azelaic acid, the Deccan dicarboxylic acid, an OKUTA decane dicarboxylic acid, dimer 
acids, or those ester is mentioned, for example, and ethylene glycol, a propylene glycol, 1, 3- 
propanediol, 1, 4-butanediol, neopentyl glycol, 1,5-pentanediol, 1, 6-hexandiol, a deca methylene glycol, 
glycol, etc. are mentioned as a glycol, for example. Moreover, it is also possible to use polyoxy alkylene 
glycol as a part of glycol component, for example, polyoxy ethylene glycol, a polyoxypropylene glycol, 
polyoxy tetramethylene glycols, and these copolymers are illustrated. 

[0012] It may mix the first stage and the whole quantity of a polybasic acid (or the ester) component and 
a glycol component may be made to react on the occasion of manufacture of aliphatic polyester, or even 
if it divides and adds with advance of a reaction, it does not interfere. As a polycondensation reaction, 
also by combined use of the usual ester-interchange method or the esterifying method, and also both, it 
is possible and polymerization degree can be raised by making the inside of a reaction container 
pressurization or reduced pressure as occasion demands. It is usually necessary to use a small amount of 
catalyst for an ester exchange reaction. Although there will be especially no limit as a catalyst if usually 
used, organometallic compounds, such as Ti, germanium, Zn, Fe, Mn, Co, Zr, Hf, V, Ir, La, Ce, Li, 
calcium, Mg, Sn, Ba, and nickel, organic acid chloride, a metal alkoxide, a metallic oxide, a metal 
hydroxide, a carbonate, phosphate, a sulfate, a nitrate, and a chloride are mentioned. The amount of the 
catalyst used is 0.001 - 5 weight section to the aliphatic polyester 100 weight section usually obtained, 
and this better ** is the 0.01 to 0.5 weight section. 

[0013] The aliphatic polyester which has the structural unit which consists of the aforementioned 
polybasic acid (or the ester) and the aforementioned glycol by the above method of (i) is obtained. When 
the melting point of the aliphatic polyester obtained, a glass transition point, and economical efficiency 
are taken into consideration among these, the aliphatic polyester which has the structural unit which 
consists of a succinic acid and the two or more-carbon number aforementioned glycol is desirable, and 
the aliphatic polyester which has the structural unit which consists of the structural unit which consists 
of a succinic acid and ethylene glycol and/or a succinic acid, and 1 and 4-butanediol is still more 
desirable. 



e 
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[0014] As a cyclic anhydride used by the method of (ii), a succinic anhydride, a maleic anhydride, 
itaconic acid anhydride, an anhydrous glutaric acid, an anhydrous adipic acid, an anhydrous citraconic 
acid, etc. are mentioned, for example. As cyclic ether, ethylene oxide, propylene-oxide, cyclohexene 
oxide, styrene-oxide, epichlorohydrin, allyl-glycidyl-ether, phenyl-glycidyl-ether, tetrahydrofuran, 
OKISEPAN, 1, and 3-dioxolane etc. is mentioned, for example. Ring opening polymerization can be 
performed by methods, such as a polymerization in the inside of a solvent, and a bulk polymerization, 
using a well-known ring-opening-polymerization catalyst. 

[0015] The aliphatic polyester which has the structural unit which consists of the aforementioned cyclic 
anhydride and the aforementioned cyclic ether by the above method of (ii) is obtained. When the 
melting point of the aliphatic polyester obtained, a glass transition point, and economical efficiency are 
taken into consideration among these, the aliphatic polyester which has the structural unit which consists 
of a succinic anhydride and the aforementioned cyclic ether is desirable, and the aliphatic polyester 
which has the structural unit which consists of a succinic anhydride and ethylene oxide is still more 
desirable. 

[0016] As a method of manufacturing efficiently industrially in comparatively short time in the method 
of obtaining such aliphatic polyester, the method of carrying out ring opening polymerization of the 
cyclic anhydride and cyclic ether of (ii) is more desirable. 

[0017] Below, it explains in more detail about the cyclic anhydride of (ii), and the ring opening 
polymerization of cyclic ether. 

[0018] Not homopolymerizing cyclic anhydrides, such as a succinic anhydride used for the method of 
(ii), until now was known. The polyester the acid component and the alcoholic component carried out 
[ polyester ] alternating copolymerization substantially may make it generate for a short time by adding 
sequentially and carrying out the polymerization of the cyclic ether to the bottom of existence of a 
polymerization catalyst to such a cyclic anhydride that is not homopolymerized. 
[0019] This polymerization can be performed by methods, such as a polymerization in the inside of a 
solvent, and a bulk polymerization. By the polymerization in the inside of a solvent, it is made to 
dissolve in a solvent and a cyclic anhydride is used, and by the bulk polymerization, since melting of the 
cyclic anhydride is carried out, it is used for this invention. 

[0020] A batch process or continuous system can also perform the polymerization in the inside of a 
solvent, and inert solvents, such as benzene, toluene, a xylene, a cyclohexane, n-hexane, a dioxane, 
chloroform, and a dichloroethane, can be raised as a solvent used in that case, for example. 
[0021] As a polymerization catalyst, there is especially no limitation and it uses what is used in case ring 
opening polymerization of the polyester is usually carried out. For example, a tetramethoxy zirconium, a 
tetrapod ethoxy zirconium, A tetrapod-iso-propoxy zirconium, tetrapod-iso-butoxyzirconium, Tetrapod- 
n-butoxyzirconium, tetrapod-t-butoxyzirconium, TORIE ~ an ibis ~ a sial minium, tree n-propoxy 
aluminum, and tree iso-propoxy aluminum ~ Tree n-butoxy aluminum, tree iso-butoxy aluminum, Tree 
sec-butoxy aluminum, Monod sec-butoxy-G iso-propoxy aluminum, Ethyl acetoacetate aluminum 
JIISOPUROPIRETO, aluminum tris (ethyl acetoacetate), Tetrapod ethoxy titanium, tetrapod-iso- 
propoxytitanium, tetrapod-n-propoxytitanium, Tetra-n-butoxytitanium, tetrapod-sec-butoxytitanium, 
tetrapod-t-butoxytitanium, A tree iso-propoxy gallium, tree iso-propoxy antimony, Tree iso-butoxy 
antimony, trimethoxy boron, TORIETOKISHI boron, Tree iso-propoxy boron, tree n-propoxy boron, 
tree iso-butoxy boron, Tree n-butoxy boron, tree sec-butoxy boron, tree t-butoxy boron, A tree iso- 
propoxy gallium, tetramethoxy germanium, Tetrapod ethoxy germanium, tetrapod-iso-propoxy 
germanium, Tetrapod-n-propoxy germanium, tetrapod-iso-butoxy germanium, Tetrapod-n-butoxy 
germanium^ tetrapod-sec-butoxy germanium, Metal ARUKOKIDO, such as tetrapod-t-butoxy 
germanium; An antimony pentachloride, Halogenides, such as a zinc chloride, a lithium bromide, 
chlorination tin (IV), a cadmium chloride, and boron-trifluoride diethylether; A trimethylaluminum, A 
triethylaluminum, diethyl aluminum chloride, ethyl aluminum dichloride, Alkylaluminum, such as tree 
iso-butyl aluminum; Dimethyl zinc, Dialkylzincs, such as diethylzinc and diisopropyl zinc; A triaryl 
amine, The third class amines, such as a triethylamine, a tree n-octyl amine, and a benzyl 
dimethylamine; A tungstophosphoric acid, A heteropolyacid and its alkali-metal salts, such as a 
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molybdophosphoric acid and a tungstosilicic acid; An acid chloride-ized zirconium, Zirconium 
compounds, such as zirconyl octylate, zirconyl stearate, and zirconyl nitrate, etc. are mentioned, and 
zirconyl octylate, a tetrapod alkoxy zirconium, and especially a thoria RUKOKI sial minium compound 
are desirable especially. Although there is especially no limit in the amount of the polymerization 
catalyst used, it is usually 0.001 - 10 % of the weight to the total quantity of a cyclic anhydride and 
cyclic ether. You may add to a cyclic anhydride and the addition method of a polymerization catalyst 
may be serially added like cyclic ether. 

[0022] Although there will be especially no limit if polymerization temperature is temperature to which 
a cyclic anhydride and cyclic ether react, 50-150-degree C 10-250 degrees C are 100-150 degrees C still 
more preferably preferably. Although the pressure in a reaction container changes with the existence of 
reaction temperature and a solvent, or kinds of solvent on the occasion of a reaction, the increase in the 
unreacted cyclic ether accompanying elevation of the pressure by successive addition of cyclic ether will 
increase the polyether component in a resultant, and is not desirable. Therefore, the pressure in a 
reaction container is ordinary-pressure - 50 kgf/cm2. It is ordinary-pressure - 15 kgf/cm2 preferably and 
more preferably. Cyclic ether is added so that it may become. 

[0023] To the cyclic-anhydride 100 weight section, per hour, serial addition of cyclic ether has desirable 
3 - 90 weight section, and performs cyclic ether at a rate of 5 - 50 weight section more preferably. 
[0024] When the addition speed of cyclic ether is slower than 3 weight sections of a minimum, it is not 
industrially desirable that a reaction serves as a long time and productivity falls etc. Moreover, when 
quicker than 90 maximum weight sections, the polyether component in a resultant increases and only the 
low polyester of the melting point is obtained. 

[0025] In addition, serial addition of cyclic ether may be not adding cyclic ether collectively, and any of 
the method of dividing into the method and multi-stage story which are dropped continuously, and 
adding intermittently are sufficient as it. It is good to add continuously so that an addition may not be 
changed sharply with time preferably. 

[0026] As a desirable embodiment of the above method of (ii) It is a pressure in a reaction container 
under existence of a polymerization catalyst to the reaction container which taught the cyclic anhydride 
which specifically makes a principal component the succinic anhydride dissolved into melting or the 
solvent 0 kgf/cm2 - 50 kgf/cm2 Maintaining It is desirable that adding sequentially the cyclic ether 
which makes an ethyleneoxide a principal component at a rate of per [ 3 ] hour - 90 weight sections to 
the cyclic-anhydride 100 weight section uses the aliphatic polyester of the ring breakage copolymer 
which was mentioned and was obtained in this way. 

[0027] As for the cyclic anhydride in the method of (ii), and the reaction ratio of cyclic ether, it is 
desirable to make it become the ratio of 40 / 60 - 60/40 by these mole ratios, and if it takes into 
consideration that a residual cyclic anhydride and the end carboxyl group of aliphatic polyester reduce 
the physical properties of polyester, in order to add cyclic ether superfluously, it is still more desirable to 
make it become the ratio of 40 / 60 - 49/51. By doing in this way, less than 50% of the end carboxyl 
group of aliphatic polyester turns into a carboxyl group, and thermal resistance improves. When it 
separates from the range of this ratio, an unreacted monomer may increase and yield may fall. After 
finishing adding serially the cyclic ether of the specified quantity determined in consideration of the 
aforementioned mole ratio by this invention, it is desirable to continue a polymerization and to ripe with 
the aforementioned reaction temperature. What is necessary is just to separate the polyester generated 
from the polymerization system after a digestion reaction. 

[0028] A low case [ 10000 ], macromolecule quantification may be further carried out by the ester 
exchange reaction, the aliphatic polyester obtained by the method of of (i) and (ii) may also make it 
react with various chain extension agents, and number average molecular weight may carry out 
macromolecule quantification. 

[0029] As a chain extension agent, isocyanate, epoxy, an aziridine, oxazoline, a polyvalent metal 
compound, a polyfunctional acid anhydride, phosphoric ester, phosphorous acid ester, etc. are 
mentioned, and a kind or two sorts or more may be combined. 

[0030] Although there is especially no limit as an isocyanate compound, it is what has two or more 
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isocyanato groups in a monad. For example, tolylene-diisocyanate (it is called "TDI"), 4, and 4'- 
diphenylmethane diisocyanate (it is called "MDI"), Hexamethylene diisocyanate, a xylylene 
diisocyanate, a meta-xylylene diisocyanate, 1, 5 -naphthalene diisocyanate, hydrogenation 
diphenylmethane diisocyanate, A hydrogenation tolylene diisocyanate, a hydrogenation xylylene 
diisocyanate, isocyanate-compounds [, such as an isophorone diisocyanate, ]; -- buret polyisocyanate 
compound; like Sumi Joule N (the Sumitomo Beyer urethane company make) -- Desmodur IL - HL 
(Beyer A.G. company make), the polyisocyanate compound which has an isocyanurate ring like 
Coronate EH (product made from Japanese Polyurethane Industry); The adduct polyisocyanate 
compound like Sumi Joule L (Sumitomo Beyer Urethane company make), The adduct polyisocyanate 
compound like Coronate HL (Japanese polyurethane company make) etc. can be mentioned. These can 
be used independently and also they can also use two or more sorts together. Moreover, you may use 
block isocyanate. 

[0031] Although especially the reaction ratio of aliphatic polyester and an isocyanate compound is not 
limited, it is desirable that the ratios (NCO/OH (mole ratio)) of the isocyanato group which an 
isocyanate compound has, and the hydroxyl group which aliphatic polyester has are 0.5-3.0 for example, 
and it is more desirable that it is 0.8-1 .5. 

[0032] In addition, in order to promote the urethane-ized reaction of aliphatic polyester and an 
isocyanate compound, it is free to use well-known catalysts, such as an organotin compound and tertiary 
amine, if needed. 

[0033] Although there is especially no limit as an epoxy compound, it is what has an at least two-piece 
epoxy group in a molecule. For example, ethylene glycol diglycidyl ether (poly), propylene-glycol 
(poly) diglycidyl ether, Polytetramethylene glycol diglycidyl ether, resorcinol diglycidyl ether, 
Neopentyl glycol diglycidyl ether, 1, 6-hexanediol diglycidyl ether, Adipic-acid diglycidyl ester, 
omicron-phthalic-acid diglycidyl ester, Terephthalic-acid diglycidyl ester, hydroquinone diglycidyl 
ether, Bisphenol S diglycidyl ether, glycerol diglycidyl ether, Sorbitol polyglycidyl ether, sorbitan poly 
glycidyl ether, Polyglycerol polyglycidyl ether, pentaerythritol polyglycidyl ether, Diglycerol 
polyglycidyl ether, triglycidyl tris (2-hydroxyethyl) isocyanurate, glycerol triglycidyl ether, 
trimethylolpropane polyglycidyl ether, etc. are mentioned. 

[0034] The reaction with an epoxy compound carries out the ring opening reaction of the epoxy 
compound to the method or cyclic anhydride which carries out ring opening polymerization of the cyclic 
ether to a cyclic anhydride first, and carries out the ring opening reaction of the epoxy compound to the 
method or cyclic anhydride to which the obtained aliphatic polyester and an epoxy compound are made 
to react, and cyclic ether simultaneously, and cyclic ether simultaneously, and has the method to which 
an epoxy compound is made to react further. 

[0035] In addition, in order to promote the reaction of aliphatic polyester and an epoxy compound, it is 
free to use well-known catalysts, such as tertiary amine, quarternary ammonium salt, and an imidazole 
compound, if needed. ( 
[0036] Although there is especially no limit as an aziridine compound, for example 2 and 2 -screw 
hydroxymethyl butanol-tris [3-(l-aziridinyl) propionate], An ethylene glycol-screw [3-(l-aziridinyl) 
propionate], A polyethylene-glycol-screw [3-(l-aziridinyl) propionate], A propylene-glycol-screw [3-(l- 
aziridinyl) propionate], A polypropylene-glycol-screw [3-(l-aziridinyl) propionate], A tetramethylene- 
glycol-screw [3-(l-aziridinyl) propionate], A polytetramethylene glycol-screw [3-(l-azindinyl) 
propionate], A - tetramethylen screw ethylene urea, and N and N'N, N'-pentamethylene screw ethylene 
urea, A - hexamethylene screw ethylene urea, and N and N'N, N'-heptamethylene screw ethylene urea, A 
- octamethylene screw ethylene urea, and N and N'N, N'-phenylene screw ethylene urea, N, an N'- 
toluylene screw ethylene urea, N, N'-diphenyl -4, a 4'-screw ethylene urea, 3, a 3 *- dimethyl diphenyl 4 
and 4'-screw ethylene urea, 3, a 3 '- dimethoxy diphenyl 4 and 4'-screw ethylene urea, Diphenylmethane 
P, P-screw ethylene urea, etc. are mentioned. These kinds or two sorts or more can be used. 
[0037] The amount of the aziridine compound used is 0.001 - 10 % of the weight to aliphatic polyester, 
and is 0.01 - 5 % of the weight more preferably. 

[0038] Although there is especially no limit as an oxazoline compound, for example 2-oxazolme, 2- 
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methyl-2-oxazoline, 2-ethyl-2-oxazoline, 2-isopropyl-2-oxazoline, 2-butyl-2-oxazoline, 2-phenyl-2- 
oxazoline, - screw - (2-oxazoline), and 2 and 2 '2, 2'-methylene-screw - (2-oxazoline), - ethylene-screw - 
(2-oxazoline), and 2 and 2 '2, 2'-trimethylene-screw - (2-oxazoline), - tetramethylen-screw - (2- 
oxazoline), and 2 and 2 '2, 2'-hexamethylene-screw - (2-oxazoline), - octamethylene-screw - (2- 
oxazoline), and 2 and 2 '2, 2'-ethylene-screw - (4 and 4'-dimethyl-2-oxazoline), -p-phenylene-screw - (2- 
oxazoline), and 2 and 2 '2, 2'-m-phenylene-screw - (2-oxazoline), 2 and 2'-m-phenylene-screw - (4 and 
4'-dimethyl-2-oxazoline), a screw-(2-oxazolinyl cyclohexane) sulfide, a screw-(2-oxazolinyl 
norbornane) sulfide, etc. are mentioned. A kind or two sorts or more can be used out of these. They are 2 
and 2'-m-phenylene-screw - (2-oxazoline) and a screw-(2-oxazolinyl norbornane) sulfide still more 
preferably. 

[0039] Although especially the reaction ratio of aliphatic polyester and an oxazoline compound is not 
limited, it is desirable that the ratios (Ox/COOH (mole ratio)) of 2-oxazoline machine (Ox) which an 
oxazoline compound has, and the carboxyl group (COOH) which aliphatic polyester has are 0.5-10.0 for 
example, and it is more desirable that it is 0.8-5.0. 

[0040] In addition, in order to promote the reaction of aliphatic polyester and an oxazoline compound, it 
is free to use well-known catalysts, such as an amine salt of an acid compound, if needed. 
[0041] Although there is especially no limit as a polyvalent metal compound, an organometallic 
compound, a metal salt, a metal alkoxide, etc. more than divalent are mentioned. 
[0042] As a desirable metal of the organometallic compound more than divalent, and/or a metal salt, 
zinc, calcium, copper, iron, magnesium, cobalt, barium, etc. are mentioned. Separation, recoverable zinc 
(II) acetylacetonate, zinc acetate, a zinc formate, propionic-acid zinc, a zinc carbonate, etc. are 
mentioned by making the opposite anion of a polyvalent metal compound into volatile matter after 
neutralization and out of the system of reaction still more preferably. 

[0043] As a metal alkoxide, aluminum isopropoxide, a Monod sec-butoxy aluminum JIISOPUROPI 
rate, an aluminum ethylate, tetraisopropoxy titanium, tetra-n-butoxytitanium, tetrapod (2-ethylhexyloxy) 
titanium, tetrastearyloxy titanium, etc. are mentioned. 

[0044] Although especially the reaction ratio of aliphatic polyester and a polyvalent metal compound is 
not limited, it is desirable that ratios (metallic compounds/COOH (mole ratio)) with the carboxyl group 
which it has in neutralization with the carboxyl group of an aliphatic polyester end, the organometallic 
compound more than divalent, and/or a metal salt (for example, metallic compounds and polyester) are 

0. 1-2.0, and it is more desirable that it is 0.2-1 .2. 

[0045] It is desirable that it is 0.1-2.0 in the case of the reaction of the hydroxyl group of an aliphatic 
polyester end and a metal alkoxide (for example, the ratio of metallic compounds and the hydroxyl 
group which aliphatic polyester has) (metallic compounds/OH (mole ratio)), and it is more desirable that 
it is 0.2-1.2. 

[0046] As a polyfunctional acid anhydride, especially a limit is 2 pyromellitic dianhydnde and 
benzophenone tetrapod carboxylic-acid 2 anhydride and butane, for example, although there is nothing. - 

1, 2, 3, 4-tetrapod carboxylic-acid 2 anhydride, a maleic-anhydride homopolymer, a maleic-anhydride- 
vinyl acetate copolymer, a maleic-anhydride-ethylene copolymer, a maleic-anhydride-isobutylene 
copolymer, a maleic-anhydride-isobutyl-vinyl-ether copolymer, a maleic-anhydride-acrylonitrile 
copolymer, a maleic-anhydride-styrene copolymer, etc. are mentioned. 

[0047] The reaction with a polyfunctional acid anhydride carries out the ring opening reaction of the 
polyfunctional acid anhydride to the method or cyclic anhydride which carries out ring opening 
polymerization of the cyclic ether to a cyclic anhydride first, and carries out the ring opening reaction of 
the polyfunctional acid anhydride to the method or cyclic anhydride to which the obtained aliphatic 
polyester and a polyfunctional acid anhydride are made to react, and cyclic ether simultaneously, and 
cyclic ether simultaneously, and has the method to which a polyfunctional acid anhydride is made to 
react further. . . 

[0048] The amount of the polyfunctional acid anhydride used is 0.001 - 10 % of the weight to aliphatic 
polyester, and is 0.01 - 5 % of the weight more preferably. 

[0049] although there is especially no limit as phosphoric ester or phosphorous acid ester ~ a diester and 
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triester -- any are sufficient, and although a methyl, ethyl, a propyl, butyl, a phenyl, 2-ethylhexyl, etc. 
are mentioned as an ester machine, when reactivity and economical efficiency are taken into 
consideration, a methyl, ethyl, and a phenyl are desirable 

[0050] The amount of phosphoric ester or the phosphorous acid ester used is 0.001 - 10 % of the weight 
to aliphatic polyester, and is 0.01 - 5 % of the weight more preferably. 

[0051] The reaction temperature of a chain extension agent and aliphatic polyester has desirable 20-250 
degrees C, and it is 100-200 degrees C more preferably. 

[0052] Although the reaction method of a chain extension agent and aliphatic polyester does not have 
especially a limit, aliphatic polyester is melted to a suitable solvent and the method of making it react 
with a chain extension agent, the method to which carry out heating melting of the aliphatic polyester, 
and it is made to react with a chain extension agent are mentioned. 

[0053] Thus, the flexible-ized polyester resin constituent of this invention is obtained by carrying out the 
melting reaction of the aromatic polyester and aliphatic polyester which were obtained. 
[0054] As a melting reaction, an ester exchange reaction and a reaction with various chain extension 
agents are mentioned, although a melting reaction changes with various conditions, such as a kind of 
aromatic polyester made to react, a kind of aliphatic polyester, concentration of the end group, a kind of 
chain extension agent, and a moisture regain in the system of reaction, ~ general ~ the inside of a 
nitrogen air current - 150 degrees C or more 200 degrees C or more are preferably performed still more 
preferably by any under 250 degrees C or more, pressurization, reduced pressure, or an ordinary 
pressure they are 

[0055] As a chain extension agent, the aforementioned isocyanate, epoxy, an aziridine, oxazoline, a 
polyvalent metal compound, a polyfunctional acid anhydride, phosphoric ester, phosphorous acid ester, 
etc. are mentioned, and a kind or two sorts or more may be combined. 

[0056] Although especially a limit does not have the reaction ratio of aliphatic polyester and an aromatic 
polyester, it is desirable to make it set to 5 / 95 - 95/5 by the weight ratio of aliphatic polyester and an 
aromatic polyester. If there is less aliphatic polyester than this range, the effect of flexible-izing 
decreases and it is not desirable. Moreover, the melting point becomes low and is not desirable if [ than 
this range ] more. 

[0057] The value when flexible-ization said by this invention creating a film with a thickness of 200 
microns for the polyester resin obtained by the reaction of aliphatic polyester and an aromatic polyester 
with a compacting machine the condition for [ 260 degrees-C and 150 kgf/cm ] 2 or 2 minutes, and 
measuring a modulus of elasticity in tension according to ASTM-D 882-90 (the A method) is 10 - 20000 
kgf/cm2 and being [ it / 100 - 10000 kgf/cm2 ]-preferably ****. When moduli of elasticity in tension are 
less than two 10 kgf/cm, the moderate waist is lost and it is hard to deal with it. When a modulus of 
elasticity in tension exceeds 20000 kgf/cm2, flexibility is lost and the feature as wrapping is lost. 
[0058] The Lynn system compound, a sulfur ester system compound, a hindered phenol system 
compound, and a hindered amine system compound can be added as occasion demands to suppression 
and prevention of the randomization reaction of aliphatic polyester and an aromatic polyester. 
[0059] Thus, the need is accepted at the obtained polyester resin which turned flexibly, and it is a book 
about other components, for example, a crystalline-nucleus agent, a pigment, a color, a heat-resistant 
agent, an antioxidant, a weathering agent, lubricant, an antistatic agent, a stabilizer, a bulking agent, a 
reinforcement, a flame retarder, a plasticizer, and other polymers. 

[° 06 °] , , • u- • 

[Example] Hereafter, this invention is not limited by these although an example explains this invention 

still more concretely. In addition, the section in an example expresses the weight section. The evaluation 
method enforced in the example is as follows. The result was summarized and it was shown in Table 1 
and 2. 

[0061] (Molecular weight) The number average molecular weight of polystyrene conversion was 
measured using the gel permeation chromatograph. 

[0062] (Melting point) Using DSC (SSCby SEIKO electronic industry company 5200 type), 280 degrees 
C carried out melting maintenance for 5 minutes under the nitrogen air current, and, subsequently 
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sample 20mg was quenched by liquid nitrogen. Endothermic peak temperature based on crystal melting 
was made into the melting point in the process which carries out the temperature up of this sample the 
speed for 6-degree-C/. 

[0063] (Tension test) The film with a thickness of 200 microns was created with the compacting 
machine the condition for [ 260 degrees-C and 150 kgf/cm ] 2 or 2 minutes, and breaking strength, the 
degree of breaking extension, and the modulus of elasticity in tension were measured according to 
ASTM-D 882-90 (the A method). 

[0064] (Example 1) The succinic-anhydride 500.0 section and the zirconyl octylate 4.90 section were 
added to the autoclave, and the nitrogen purge was performed. Subsequently, the temperature up of the 
autoclave is gradually carried out to the bottom of churning to 130 degrees C, a succinic anhydride is 
fused, and it is a pressure in an autoclave at this temperature 4.0 - 8.5 kgf/cm2 The ethyleneoxide 23 1 .1 
section was continuously introduced over 4.0 hours at the addition speed of the 58 sections per hour, 
maintaining. After performing the digestion reaction at 130 degrees C after ethyleneoxide introduction 
for 1.0 hours, the polymerization product was obtained by returning a system to ordinary temperature. 
The operation which is made to dissolve the obtained polymerization product in chloroform, and carries 
out sedimentation refining in a tetrahydrofuran was repeated 3 times, and aliphatic polyester (1) was 
obtained. It was 99.2% when asked for the yield of this aliphatic polyester (1). Moreover, the melting 
point according [ the number average molecular weight by GPC measurement ] to 13500 and DSC was 
101.2 degrees C. 

[0065] The aliphatic polyester (1) 25.0 section and the polyethylene-terephthalate (bell pet EFG[ by 
Kanebo, Ltd. ]- 7) 75.0 section which were obtained were taught to the flask, among the nitrogen air 
current, under reduced pressure of 0.1 - 0.2mmHg, it was made to react on 280-degree C conditions for 
1.0 hours, and the polyester resin (1) which turned flexibly was obtained. 

[0066] (Example 2) The aliphatic polyester (1) 85.6 section and the polyethylene-terephthalate (bell pet 
EFG[ by Kanebo, Ltd. ]- 7) 85.6 section which were obtained in the example 1 were taught to the flask, 
among the nitrogen air current, under reduced pressure of 0.1 - 0.2mmHg, it was made to react on 280- 
degree C conditions for 1.0 hours, and the polyester resin (2) which turned flexibly was obtained. 
[0067] (Example 3) After performing a nitrogen purge 3 times in addition to the 50ml separable flask 
which attached a thermometer, stirring equipment, and the nitrogen introduction pipe for the aliphatic 
polyester (1) 12.0 section obtained in the example 1, it was made to react on conditions with a 
temperature of 240 degrees C under reduced pressure of 0.9 - l.lmmHg with the vacuum pump 
equipped with the trap dipped in the dry ice-methanol among a nitrogen air current for 2.5 hours, and 
aliphatic polyester (2) was obtained. The melting point according [ the number average molecular 
weight by GPC measurement ] to 52000 and DSC measurement was 102.2 degrees C. 
[0068] The aliphatic polyester (2) 25.0 section and the polyethylene-terephthalate (bell pet EFG[ by 
Kanebo, Ltd. ]- 7) 75.0 section which were obtained were taught to the flask, among the nitrogen air 
current, under reduced pressure of 0.1 - 0.2mmHg, it was made to react on 280-degree C conditions for 
1.0 hours, and the polyester resin (3) which turned flexibly was obtained. 

[0069] (Example 4) The aliphatic polyester (2) 40.0 section and the polyethylene-terephthalate (bell pet 
EFG[ by Kanebo, Ltd. ]- 7) 60.0 section which were obtained in the example 3 were taught to the flask, 
among the nitrogen air current, under reduced pressure of 0.1 - 0.2mmHg, it was made to react on 280- 
degree C conditions for 1.5 hours, and the polyester resin (4) which turned flexibly was obtained. 
[0070] (Example 1 of comparison) The succinic-anhydride 60.06 section, the ethylene glycol 37.24 
section, and the zirconyl octylate 0.36 section were added to the separable flask with an equipped with 
the thermometer, the agitator, the nitrogen introduction pipe, and the diverging condensator capacity of 
200ml, and the nitrogen purge was performed. Next, it was made to react for 3.5 hours and 106-170 
degree's C of polymerization products were obtained. The number average molecular weight by GPC 
measurement was 2100. ccr 
[0071] Taught the polymerization product 25.0 section and the polyethylene-terephthalate (bell pet bl-G 
[ by Kanebo, Ltd. ]- 7) 75.0 section which were obtained to the flask, it was made to react on 280-degree 
C conditions' under reduced pressure of 0.1 - 0.2mmHg among a nitrogen air current for 1.0 hours, and 
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polyester resin (V) was obtained. 

[0072] (Example 2 of comparison) Flexible polyester resin [ which turned ] (1) - (3) of this invention 
was compared with physical properties using the polyethylene terephthalate (bell pet EFG[ by Kanebo, 
Ltd. ]- 7). 
[0073] 
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[Effect of the Invention] According to this invention, there is no physical-properties fall by the 
randomization reaction which occurs by heating in the case of molding of the block KOPORI ester 
which consists of an aliphatic polyester component and an aromatic-polyester component, there are few 
bleed outs of a plasticizer, and they have flexibility, and the polyester resin which is replaced with a 
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transparent elasticity vinyl chloride and which turned flexibly can manufacture efficiently. This resin 
can be used effective in wrapping, the miscellaneous-goods article for days, etc. 



[Translation done.] 
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